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FIG. 2

SHORT GIRGUIT DETECTION OF UPPER SWITCHING ELEMENT P1
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FIG. 3

SHORT GIRCUIT DETECTION OF UPPER SWITCHING ELEMENT P2

T1,_ T2 T3, T4

OFF LEVEL
ON LEVEL

GATE VOLTAGE GPu

. [ . [ . .
N iR Nt AR CLVRSF syl wARET  Rabs  aSlay o |
IR .. A B oS S

GATE VOLTAGE GNd ON LEVELfR
OFF LEVEL}

b, R Wgln el St G s s R
A A S R - AP e R

CONTROL SIGNAL SW

VOLTAGE VOSW

VOLTAGE VM
DETECTION RESULT DETP! UNCERTAIN __ NORMAL _ LNCERTAIN
DETECTION RESULT DETP2 | (NOGRTAIN ""ﬁﬁéﬂaﬁ[“"mﬂmm | SHORT CIRCUIT DETECTED
% N — M’
P1: NORMAL P1: NORMAL

P2 NORMAL P2: SHORT CIRCUIT



US 11,342,837 B2

Sheet 4 of 9

May 24, 2022

U.S. Patent

T e

J0IA40 LINOYIO d41VY941INT dOLONANOIITINAS

11NoAI1D

(EN)
| LINDHID |

NOT104140
~~1 JOVLI0A

_ (¢N)

1TNOAID 1TNOAID
dvdlS 1004 NOI13414G
JOV.LI0A

| LINoIg
(WAYWN | By TNDS N - TI04INOD

| HOLIMS
~ 7™ 90TIVNY

06 0z

t .......................... R E—————————— ......................................... ............................ i rrnenennrnennnancennnnr. NI, i aannaane

. (SEA)ZUN~ ) - _
\ Py ,q\\\ (NIAYNN
07— M _

707

AAA - H 141K 1337

A

2y
v Ol



U.S. Patent May 24, 2022 Sheet 5 of 9 US 11,342,837 B2

FIG. 5

SHORT CIRCUIT DETECTION OF UPPER SWITCHING ELEMENT N3
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SHORT CIRCUIT DETECTION OF UPPER SWITCHING ELEMENT N2
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SHORT-CIRCUIT DETERMINATION DEVICE
AND SWITCHING POWER SUPPLY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on Japanese Patent Application
No. 2019-212342 filed on Nov. 25, 2019, the disclosure of
which 1s incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a short-circuit determi-
nation device and a switching power supply device.

BACKGROUND

A step-down switching power supply device 1s used by
connecting a load between an output terminal and a lower
power supply line. The load 1s also connected between an
upper power supply line and the lower power supply line.
The switching power supply device 1s configured by con-
necting, in series, one switching element on each of an upper
side and a lower side of the output terminal.

Each of the upper switching element and the lower
switching element has withstand voltage characteristics
capable of withstanding a voltage higher than a voltage
normally applied. The switching power supply device 1s
provided with a current detection circuit and a voltage
detection circuit. The switching power supply device can
detect a short-circuit failure or an open fault of each switch-
ing element by using the current detection circuit or the
voltage detection circuit.

SUMMARY

The present disclosure provides a short-circuit determi-
nation device. The short-circuit determination device 1s
provided 1n a switching power supply device. The switching
power supply device converts a power supply voltage
applied between an upper power supply line and a lower
power supply line and outputs the power supply voltage to
a load through an mtermediate node. The switching power
supply device includes a plurality of upper switching ele-
ments and a lower switching element. Each of the plurality
of upper switching elements has an electrical conduction
terminal and a control terminal. The electrical conduction
terminals are connected in series between the upper power
supply line and the intermediate node. The control terminals
are driven at a same level as each other. The lower switching
clement has an electrical conduction terminal connected
between the lower power supply line and the intermediate
node. The lower switching element and the plurality of
upper switching elements are connected in series.

BRIEF DESCRIPTION OF DRAWINGS

The features and advantages of the present disclosure will
become more apparent from the following detailed descrip-
tion made with reference to the accompanying drawings. In
the drawings:

FIG. 1 1s an electrical configuration block diagram illus-
trating a switching power supply device according to a first
embodiment;

FI1G. 2 1s a timing chart illustrating signal changes of each
part when the upper switching element on the load side 1s
short-circuited 1n the first embodiment;
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FIG. 3 1s a timing chart illustrating signal changes of each
part when the upper switching element on the upper power

line side 1s short-circuited in the first embodiment;

FIG. 4 15 an electrical configuration block diagram 1llus-
trating a switching power supply device according to a
second embodiment;

FIG. 5 1s a timing chart illustrating signal changes of each
part when the upper switching element on the upper power
line side 1s short-circuited 1n the second embodiment;

FIG. 6 1s a timing chart illustrating signal changes of each
part when the upper switching element on the load side 1s
short-circuited in the second embodiment;

FIG. 7 1s an electrical configuration block diagram illus-
trating a switching power supply device according to a third
embodiment;

FIG. 8 15 an electrical configuration block diagram 1llus-
trating a switching power supply device according to a
fourth embodiment; and

FIG. 9 15 an electrical configuration block diagram 1llus-
trating a switching power supply device according to a third
embodiment.

DETAILED DESCRIPTION

For example, a failure detection circuit that has been
proposed can detect a failure when a switching element on
an upper side of a load 1s short-circuited. However, current
continues to flow from an upper power supply line to a lower
switching element of the load or the load through the
short-circuited upper switching element. This failure state
continues until voltage of a voltage source applied to the
upper power supply line 1s lowered or connection between
the voltage source and the switching power supply device 1s
disconnected. Since the voltage source continues to apply a
high voltage to the switching power supply device, there 1s
a concern that a large amount of power 1s consumed and the
load or the like generates heat.

On the other hand, a technique for connecting a plurality
of switching elements on the upper power supply line side
and the lower power supply line side of the output terminal
in series has been proposed. By using this technique along
with using a switching element having a withstand voltage
higher than the applied voltage, heat generation under the
load or the like can be suppressed. Further, 1n this case, the
switching power supply device can detect short-circuit of the
switching element by detecting and monitoring the voltage
between the terminals of the switching element.

In order to improve power conversion efliciency due to
voltage drop of the upper switching element, the mventors
proposed a configuration i which a plurality of upper
switching elements are connected 1n series and a voltage of
the same level 1s applied to control terminals of the plurality
of upper switching elements.

For example, the upper switching element connected to
the load side among the plurality of upper switching ele-
ments may be short-circuited. In this case, when the lower
switching element 1s turned on and the plurality of upper
switching elements are turned ofl, a potential of a common
connection point of the plurality of upper switching ele-
ments drops to approximately equal to a potential of the
lower power supply line. Therefore, the switching power
supply device can detect short-circuit of the upper switching
clement connected to the load side by detecting the voltage
at the common connection point of the plurality of upper
switching elements by a voltage detection circuit.

However, for example, when an upper switching element
different from the upper switching element connected to the
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load side may be short-circuited, the voltage tluctuation at
the common connection point 1s small regardless of on state
or ofl state of the upper switching element and the lower
switching element. Thus, it 1s difficult to determine short-
circuit of the switching element.

The present disclosure provides a short-circuit determi-
nation device capable of easily determining short-circuit of
an upper switching element when a plurality of upper
switching elements are connected in series.

An exemplary embodiment of the present disclosure
provides a short-circuit determination device. The short-
circuit determination device i1s provided n a switching
power supply device. The switching power supply device
converts a power supply voltage applied between an upper
power supply line and a lower power supply line and outputs
the power supply voltage to a load through an intermediate
node. The switching power supply device includes a plural-
ity of upper switching elements and a lower switching
clement. Each of the plurality of upper switching elements
has an electrical conduction terminal and a control terminal.
The electrical conduction terminals are connected 1n series
between the upper power supply line and the intermediate
node. The control terminals are driven at a same level as
cach other. The lower switching element has an electrical
conduction terminal connected between the lower power
supply line and the intermediate node. The lower switching
clement and the plurality of upper switching elements are
connected 1n series. The short-circuit determination device
includes an analog switch and a short-circuit determination
unit. The analog switch 1s connected between a common
connection point to which the electrical conduction termi-
nals of the plurality of upper switching elements are com-
monly connected and a reference potential line having a
reference voltage diflerent from a voltage at the upper power
supply line and a voltage at the lower power supply line. The
short-circuit determination circuit determines a short-circuit
of each of the plurality of upper switching elements based on
a detection of a potential at the common connection point by
biasing the reference voltage to the common connection
point by turning on the analog switch in a state where the
plurality of upper switching elements are turned ofl and the
lower switching element 1s turned on.

In the exemplary embodiment of the present disclosure,
tor example, when the plurality of upper switching elements
are operating normally, all the plurality of upper switching
clements are turned ofl. Thus, impedance between the elec-
trical conduction terminals are high. Therefore, the common
connection point of the plurality of upper switching ele-
ments 1s biased to the reference voltage by the analog
switch.

For example, when the upper switching element on the
upper power line side among the plurality of upper switch-
ing elements 1s short-circuited, the potential of the common
connection point changes to the power supply voltage
applied to the upper power line. Thus, the short circuit
determination unit can determine whether the upper switch-
ing element of the upper power line side 1s operating
normally or short-circuited by detecting the potential of the
common connection point.

For example, when the upper switching element on the
load side among the plurality of upper switching elements 1s
short-circuited, the potential of the common connection
point changes to approximately the potential of the inter-
mediate node connected to the load. Since the lower switch-
ing element 1s driven on, the potential of the common
connection point changes to the applied potential side (for
example, the ground potential) of the lower power supply
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line. Thus, the short circuit determination unit can determine
whether the upper switching element of the load side 1s
operating normally or short-circuited by detecting the poten-
tial of the common connection point. As described above,
the configuration can easily determine whether each of the
plurality of upper switching elements connected 1n series 1s
short-circuited. As a result, the plurality of upper switching
clements can be connected 1n series, and a safe switching
power supply device that suppresses an overcurrent due to
the short circuit of the upper switching elements can be
provided.

Embodiments are described below with reference to the
drawings. In each of the embodiments described below, the
same or similar reference numerals are attached to the same
or similar configuration, and the description 1s omitted as
necessary.

First Embodiment

FIGS. 1 to 3 are explanatory views of a first embodiment.
A switching power supply device 1 shown in FIG. 1 1s a
step-down chopper type switching power supply device. The
switching power supply device 1 supplies a DC power
supply voltage, as an output voltage VOU'I, obtained by
stepping down a power supply voltage VIN mput from an
external voltage source 2 to a load 3. The switching power
supply device 1 includes a semiconductor integrated circuit
device 4 and a filter 5.

The semiconductor integrated circuit device 4 mputs the
power supply voltage VIN of the voltage source 2 from an
input terminal 4a and a ground terminal 45. The 1nput
terminal 4a 1s connected to an upper power supply line Nu,
and the ground terminal 45 1s connected to a ground line Nd
as a lower power supply line. The switching power supply
device 1 converts and outputs the power supply voltage VIN
applied between the upper power supply line Nu and the
ground line Nd through an intermediate node Nc.

The semiconductor integrated circuit device 4 connects
the intermediate node Nc to an output terminal 4¢. A filter 5
provided by a reactor L1 and a capacitor C1 1s connected to
the following stage of the output terminal 4¢. A load 3 1s
connected to the following stage of the filter 5.

The semiconductor integrated circuit device 4 includes
various electronic circuit blocks such as an internal power
supply circuit 6, a control circuit 7, an upper drive circuit 8,
a lower drive circuit 9, a plurality of upper switching
clements P1 and P2, a lower switching element N1, voltage
detection circuits 10 and 11, an analog switch 12, and the
like. A part or all of the electronic circuit blocks constitute
the short-circuit determination device A.

The plurality of upper switching elements P1 and P2 are
cach provided by P-channel MOSFFET, and a source and a
drain serving as electrical conduction terminals are con-
nected 1n series. The source and the drain of each of the
plurality of upper switching elements P1 and P2 are con-
nected 1n series between the upper power supply line Nu and
the intermediate node Nc. The gates serving as control
terminals of the plurality of upper switching elements P1
and P2 are connected to each other, so the plurality of upper
switching elements P1 and P2 are driven by the upper drnive
circuit 8 at the same level as each other. Since the plurality
of upper switching elements P1 and P2 connected 1n series
have the same gate applied voltage, the power conversion
elliciency due to the voltage drop when the upper switching
clements P1 and P2 are electrically conducted can be
improved.
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The lower switching element N1 1s provided by an
N-channel MOSFET, and a drain and a source serving as
clectrical conduction terminals are connected between the
intermediate node Nc and the ground line Nd. The source
and the drain of the lower switching element N1 are con-
nected 1n series to the upper switching elements P1 and P2
through the intermediate node Nc. Further, the lower switch-
ing element N1 1s connected so that the gate serving as the
control terminal 1s driven by the lower drive circuit 9.

The internal power supply circuit 6 1s a power supply
circuit that generates a DC power supply voltage based on
the power supply voltage VIN 1nput to the input terminal 4a.
The internal power supply circuit 6 1s connected between the
upper power supply line Nu and the reference potential line
Nh. When the power supply voltage VIN 1s mput between
the upper power supply line Nu and the lower power supply
line Nd, the mternal power supply circuit 6 generates a
stable power supply voltage (for example, about several V)
based on the power supply voltage VIN and supplies the
power supply voltage between the power supply line Nu and
the reference potential line Nh. A voltage different from each
applied voltage (VIN, GND 1n this embodiment) of the
upper power supply line Nu and the ground line Nd 1s
applied to the reference potential line Nh. In the present
embodiment, the reference potential line Nh 1s used as a
lower drive power supply line (corresponding to a third
drive power supply line) of the drive power supply applied
to the upper drive circuit 8 that drives the gates of the upper
switching elements P1 and P2.

The upper drive circuit 8 operates by using the power
supply voltage of the internal power supply circuit 6 applied
between the upper power supply line Nu and the reference
potential line Nh. The upper drive circuit 8 generates poten-
tial of high-level or low-level for driving the upper switch-
ing elements P1 and P2 based on the control signal imput
from the control circuit 7, and drives the gates of the upper
switching elements P1 and P2.

The lower drive circuit 9 operates by using a regulated
power supply voltage VDD generated by a regulated power
supply circuit (not shown). The lower drive circuit 9 gen-
crates potential of high level or low level for driving the
lower switching element N1 based on the control signal
input from the control circuit 7, and drives the lower
switching element N1.

The analog switch 12 1s connected between a common
connection point Nm and the reference potential line Nh to
which the reference voltage VH 1s applied. The common
connection point Nm connects the drain of the upper switch-
ing clement P1 and the source of the upper switching
clement P2. The drain and the source correspond to an
clectrical conduction terminal. The analog switch 12 1is
controllable to on or off based on the control signal mput
from the control circuit 7. The analog switch 12 1s a switch
in which an impedance value larger than the impedance
value (impedance at the time of short-circuit) assuming that
the upper switching element P1 or the upper switching
clement P2 1s short-circuited when the power 1s turned on 1s
set 1n advance.

The voltage detection circuit 10 1s configured by using a
comparator (not shown) operated by a power supply voltage
VIN applied between the upper power supply line Nu and
the ground line Nd. The voltage detection circuit 10 detects
the voltage VM at the common connection point Nm of the
drains and sources of the plurality of upper switching
clements P1 and P2, thereby outputting, to the control circuit
7, a detection result DETP1 that 1s a result of comparing the
voltage VM with the predetermined threshold voltage Vthl
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(provided that the ground voltage<the threshold voltage
Vthl<the reference voltage VH). The voltage detection
circuit 10 1s provided for determining short-circuit of the
upper switching element P1.

The voltage detection circuit 11 1s configured by using a
comparator (not shown) operated by the power supply
voltage of the internal power supply circuit 6 applied
between the upper power supply line Nu and the reference
potential line Nh. The voltage detection circuit 11 detects the
voltage VM at the common connection point Nm of the
drains and sources of the plurality of upper switching
clements P1 and P2, thereby outputting, to the control circuit
7, a detection result DETP2 that 1s a result of comparing the
voltage VM with the predetermined threshold voltage Vth2
(provided that the power supply voltage VIN>the threshold
voltage Vth2>the reference voltage VH). The voltage detec-
tion circuit 11 1s provided for determining short-circuit of
the upper switching element P2.

The control circuit 7 incorporates a level shift circuit 13.
The control circuit 7 executes a predetermined control logic.
The control circuit 7 functions as a short-circuit determina-
tion unit according to the present disclosure.

The control circuit 7 adjusts the output level to the upper
drive circuit 8 according to the drive mput level of the upper
drive circuit 8 by the level shift circuit 13. The control circuit
7 applies the on-level signal or ofi-level signal for the upper
switching elements P1 and P2 to the gates of the upper
switching elements P1 and P2 by usmg the upper drive
circuit 8, thereby turning on or off the upper switching
clements P1 and P2 almost at the same time. Further, the
control circuit 7 applies the on-level signal or ofl-level signal
to the gate of lower switching element N1 using the lower
drive circuit 9, thereby turning on or off the lower switching
clement N1.

The normal operation and the operation at the time of
short-circuit determination of the above configuration waill
be described.

As shown 1n FIG. 2, during the normal operation periods
T1 and T3, the control circuit 7 complementarily turns on
and ofl the upper switching elements P1 and P2 and the
lower switching element N1 while keeping the analog
switch 12 in the off state. When the control circuit 7 drives
the upper switching elements P1 and P2 on and dnives the
lower switching element N1 ofl, the filter 5 and the load 3
are electrically conducted from the upper power supply line
Nu through the upper switching elements P1 and P2. When
the control circuit 7 drives the upper switching elements P1
and P2 ofl and drives the lower switching element N1 on, a
reflux current 1s conducted between the lower switching
clement N1 and the filter 5. The control circuit 7 controls the
on/ofl drive of the upper switching elements P1 and P2 and
the lower switching element N1 by pulse control (for
example, PWM control), so that the output voltage VOUT
output to the load 3 can be controlled to a target voltage
different from the power supply voltage VIN. The target
voltage may be lower than the power supply voltage VIN.

During the short-circuit determination periods 12 and T4,
as shown 1n FIG. 2, the control circuit 7 sets the gate voltage
(GPu of the upper switching elements P1 and P2 to off level,
so that the control circuit 7 drives the plurality of upper
switching elements P1 and P2 ofl, and the control circuit 7
sets the gate voltage GNd of the lower switching element N1
to on level, so that the control circuit 7 drives the lower
switching element N1 on.

The control circuit 7 changes the analog switch 12 from
the ofl state to the on state. When the analog switch 12 1s
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turned on, the reference voltage VH 1s applied to the
common connection point Nm.

In this state, the control circuit 7 inspects whether the
plurality of upper switching elements P1 and P2 are oper-
ating normally on and ofl, and whether any of the upper
switching elements P1 and P2 1s short-circuited. When the
plurality of upper switching elements P1 and P2 are nor-
mally operating, as shown in the short-circuit determination
period T2, the upper switching elements P1 and P2 are all
normally off. Thus, the voltage VM at the common connec-
tion pomnt Nm 1s approximately equal to the reference
voltage VH.

However, as shown in the short-circuit determination
period T4, when the upper switching element P1 on the load
3 side 1s short-circuited between the source and drain for
some reason, the voltage VM at the common connection
point Nm 1s changed to be approximately equal to the
potential of the intermediate node Nc. Since the lower
switching element N1 1s tuned on during the short-circuit
determination period T4, the potential of the intermediate
node Nc¢ changes to be approximately equal to the ground
potential. Therefore, when the voltage detection circuit 10
detects that the voltage VM at the common connection point
Nm 1s changed from the reference voltage VH to ground
potential by comparing the voltage VM at the common
connection point Nm with the threshold voltage Vthl, the
voltage detection circuit 10 outputs the detection result
DEPT1 indicating that the voltage VM at the common
connection point Nm 1s changed from the reference voltage
VH to ground potential. With the detection result DEPT1,
the control circuit 7 can determine that the upper sw1tch1ng
clement P1 1s short-circuited.

In particular, since the impedance when the upper switch-
ing clement P1 1s short-circuited 1s set lower than the
impedance when the analog switch 12 1s electrically con-
ducted, the voltage VM at the common connection point Nm
changes significantly from the reference voltage VH to the
ground potential. Therefore, the voltage detection circuit 10
can easily detect a change in the voltage VM at the common
connection point Nm.

Further, as shown in FIG. 3, when the upper switching,
clement P2 on the upper power supply line Nu side is
short-circuited between the source and drain for some rea-
son, the voltage VM at the common connection point Nm 1s
changed to be equal to the power supply voltage VIN by the
upper switching element P2. Therefore, when the voltage
detection circuit 11 detects that the voltage VM at the
common connection point Nm 1s changed from the reference
voltage VH to the power supply voltage VIN by comparing,
the voltage VM at the common connection point Nm with
the threshold voltage Vth2, the voltage detection circuit 11
outputs the detection result DEPT2 indicating that the volt-
age VM at the common connection point Nm 1s changed
from the reference voltage VH to the power supply voltage
VIN. With the detection result DEPT2, the control circuit 7
can determine that the upper switching element P2 1s short-
circuited.

In particular, since the impedance when the upper switch-
ing clement P2 1s short-circuited 1s set lower than the
impedance of the analog switch 12, the voltage VM at the
common connection point Nm changes significantly from
the reference voltage VH to the power supply voltage VIN.
Therefore, the voltage detection circuit 11 can easily detect
a change 1n the voltage VM at the common connection point
Nm.

When the control circuit 7 determines that the upper
switching element P1 or P2 1s short-circuited, the control
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circuit 7 applies an oflf-level to the gates of the upper
switching elements P1 and P2 and the lower switching
clement N1 to stop the drive of the upper switching elements
P1 and P2 and the lower switching element N1. As a result,
the electrical conduction tlowing inside the switching power
supply device 1, that 1s, the semiconductor integrated circuit
device 4 can be cut ofl, and safety can be maintained.
(Eflect of Present Embodiment)

As described above, according to the short-circuit deter-
mination device A of the switching power supply device 1 of
the present embodiment, 1n a state where the plurality of
upper switching elements P1 and P2 are driven off and the
lower switching element N1 1s driven on, the analog switch
12 1s turned on. In this configuration, the reference voltage
VH 1s biased to the common connection point Nm of the
plurality of upper switching elements P1 and P2, and the
short-circuit of the plurality of upper switching elements P1
and P2 1s determined.

For example, when the upper switching element P1 1s
short-circuited between the source and drain, the voltage
VM at the common connection point Nm changes to the
potential of the intermediate node Nc. Since the lower
switching element N1 1s driven on, the potential of the
common connection point Nm changes to the ground poten-
tial of the ground line Nd. The control circuit 7 can deter-
mine whether the upper switching element P1 1s operating
normally or 1s short-circuited by detecting the potential of
the common connection point Nm.

For example, when the upper switching element P2 1s
short-circuited between the source and drain, the voltage
VM at the common connection point Nm changes to the
power supply voltage VIN applied to the upper power
supply line Nu. The control circuit 7 can determine whether
the upper switching element P2 1s operating normally or 1s
short-circuited by detecting the potential of the common
connection point Nm.

The short-circuit of the upper switching elements P1 and
P2 connected in series can be easily detected. As a result, the
upper switching elements P1 and P2 can be connected in
series, and a safe switching power supply device 1 that
suppresses an overcurrent due to the short-circuit of the
upper switching elements P1 or P2 can be provided.

As a result, the step-down switching power supply device
1 1n which the upper switching elements P1 and P2 are
connected 1n series can suppress a decrease in the power
conversion eiliciency. In addition, the configuration can
casily determine whether any of the upper switching ele-
ments P1 and P2 1s short-circuited.

As a result, the control circuit 7 executes a fail-safe
process to deal with the abnormal state, so that the safe
switching power supply device 1 can be provided in which
the overcurrent does not continue to flow to the lower
switching element N1 and the load 3.

Further, the reference potential line Nh 1s used as the
lower drive power supply line Nh of the drive power supply
applied to the upper drive circuit 8 that drives the gates of
the upper switching elements P1 and P2, and the analog
switch 12 1s connected between the common connection
point Nm of the upper switching elements P1 and P2 and the
drive power supply line Nh. Therefore, the reference voltage
VH which 1s a bias for determining short-circuit can be
approprately applied to the common connection point Nm.

In particular, when the switching power supply device 1
1s a step-down type, the power supply voltage VIN 1s higher
than the normal output voltage VOU'T. Therefore, when the
upper switching element P1 or P2 1s short-circuited, a large
current tends to flow through the lower switching element
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N1, the load 3, and the like. However, by using the short-
circuit determination shown in the present embodiment, 1t
can be easily determined that the upper switching element
P1 or P2 is short-circuited. When 1t 1s determined that the
upper switching element P1 or P2 is short-circuited, the
control circuit 7 stops the drive of the upper drive circuit 8
and the lower drive circuit 9. Thus, the electrical conduction
current to the lower switching element N1, the load 3, and
the like can be immediately cut off. As a result, safety can
be ensured.

Second Embodiment

FIGS. 4 to 6 are explanatory views of a second embodi-
ment. In the following description, the same parts as those
in the first embodiment will be designated by the same
reference numerals, description thereol will be omitted as
necessary, and parts diflerent from those 1n the first embodi-
ment will be described. The switching power supply device
201 of the second embodiment includes a semiconductor
integrated circuit device 204 and the filter 5.

As shown 1n FIG. 4, the semiconductor itegrated circuit
device 204 includes various electronic circuit blocks such as
a control circuit 207, an upper drive circuit 208, the lower
drive circuit 9, a plurality of upper switching elements N2
and N3, the lower switching element N1, the voltage detec-
tion circuits 10 and 11, an analog switch 212, a bootstrap
circuit 15, and the like. A part or all of the electronic circuit
blocks constitute the short-circuit determination device A.

The plurality of upper switching elements N2 and N3 are
provided by N-channel MOSFETs. The sources and drains
serving as electrical conduction terminals are connected 1n
series between the upper power supply line Nu and the
intermediate node Nc. The gates serving as control terminals
of the plurality of upper switching elements N2 and N3 are
connected to each other, so the plurality of upper switching
clements N2 and N3 are driven by the upper drive circuit
208 at the same level as each other. In the present embodi-
ment, since the upper switching elements N2 and N3 are
provided by N-channel MOSFETs, the on-resistance can be
decreased and the power loss can be reduced as compared
with the case where the upper switching elements N2 and N3
are provided by P-channel MOSFETs as described in the
first embodiment.

The built-in bootstrap circuit 15 1s a circuit that generates
a high-voltage drive power supply by using a power supply
voltage VIN or another drive power supply, although the
power supply conduction path i1s not shown. The bootstrap
circuit 15 generates a high-voltage drive power supply using
an external capacitor C1 provided between the bootstrap
terminal 44 and the output terminal 4¢ as an auxiliary. The
bootstrap circuit 15 supplies the boost voltage VBS of the
high-voltage drive power supply between the reference
potential line Nh2 connected to the bootstrap terminal 4d
and the ground line Nd. In the present embodiment, the
reference potential line Nh2 1s used as an upper drive power
supply line (corresponding to the second drive power supply
line) of the drive power supply applied to the upper drive
circuit 208. Therefore, the bootstrap circuit 15 supplies a
boost voltage VBS that serves as a high-voltage drive power
source between the upper power supply line Nu of the upper
drive circuit 208 and the ground line Nd.

The upper drive circuit 208 operates based on the boost
voltage VBS of the bootstrap circuit 15. The upper drive
circuit 208 generates potential of high level or low level for
driving the upper switching element N2 and N3 based on the
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control signal input from the control circuit 207, and drives
the upper switching element N2 and N3.

The lower drive circuit 9 operates using a regulated power
supply voltage VDD generated by a regulated power supply
circuit (not shown). The lower drive circuit 9 generates
potential of high level or low level for driving the lower
switching element N1 based on the control signal input from
the control circuit 207, and drives the lower switching
clement N1.

The analog switch 212 1s connected between a common
connection point Nm and a reference potential line Nh2. The
common connection point Nm connects electrical conduc-
tion terminals of upper switching elements N3 and N2. The
boost voltage VBS that 1s different from the applied voltages
of the upper power supply line Nu and the ground line Nd
1s applied to the reference potential line Nh2.

The analog switch 212 1s controllable to on or off based
on a control signal SW 1nput from the control circuit 207.
The analog switch 212 1s a switch 1n which an impedance
value larger than the impedance value (1impedance at the
time of short-circuit) assuming that the upper switching
clement N2 1s short-circuited when the power 1s turned on by
the control circuit 207 1s set 1n advance.

The voltage detection circuit 10 1s configured by using a
comparator (not shown) operated by the boost voltage VBS
of the bootstrap circuit 15 with reference to the ground
potential of the ground line Nd. The voltage detection circuit
10 detects the voltage VM at the common connection point
Nm of the drains and sources of the plurality of upper
switching elements N2 and N3, thereby outputting, to the
control circuit 207, a detection result DETP3 that 1s a result
of comparing the voltage VM with the predetermined
threshold voltage Vth3 (provided that the boost voltage
NBS<the threshold voltage Vth3<the power supply voltage
VIN). The voltage detection circuit 10 1s provided for
determining short-circuit of the upper switching element N3.

The voltage detection circuit 11 1s configured by using a
comparator (not shown) operated by the boost voltage VBS
of the bootstrap circuit 15 with reference to the intermediate
node Nc. The voltage detection circuit 11 detects the voltage
VM at the common connection point Nm of the drains and
sources of the plurality of upper switching elements N2 and
N3, thereby outputting, to the control circuit 207, a detection
result DETP2 that 1s a result of comparing the voltage VM
with a predetermined threshold voltage Vthd (provided that
the ground voltage<the threshold voltage Vth4<the boost
voltage VBS). The voltage detection circuit 11 1s provided
for determining short-circuit of the upper switching element
N2. The other configuration is the same as that of the first
embodiment, and hence the description will be omatted.

The normal operation and the operation at the time of
short-circuit determination of the above configuration waill
be described.

During the normal operation periods T11 and T13 the
control circuit 207 complementarily turns on and off the
upper switching elements N3 and N2 and the lower switch-
ing element N1 while keeping the analog switch 212 1n the
ofl state. When the control circuit 207 drives the upper
switching elements N3 and N2 on and drives the lower
switching element N1 off, the power supply voltage VIN 1s
supplied to the filter 5 from the upper power supply line Nu
through the upper switching elements N3 and N2.

When the control circuit 207 drives the upper switching
clements N3 and N2 ofl and drnives the lower switching
element N1 on, a reflux current 1s conducted between the
lower switching element N1 and the filter 5. The control
circuit 207 controls the on/off drive of the upper switching
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clements N3 and N2 and the lower switching element N1 by
pulse control ({or example, PWM control), so that the output
voltage VOU'T output to the load 3 can be controlled to a
target voltage different from the power supply voltage VIN.
The target voltage may be lower than the power supply
voltage VIN.

During the short-circuit determination periods 112 and
114, as shown 1n FIG. 5, the control circuit 207 sets the gate
voltage GPu of the upper switching elements N3 and N2 to
ofl level, so that the control circuit 7 drives the plurality of
upper switching elements N3 and N2 off, and the control
circuit 7 sets the gate voltage GNd of the lower switching
element N1 on level, so that the control circuit 7 drives the
lower switching element N1 on.

The control circuit 207 changes the analog switch 212
from the ofl state to the on state. When the analog switch 212
1s turned on, the boost voltage VBS of the bootstrap circuit
15 1s applied to the common connection point Nm. In this
state, the control circuit 207 imspects whether the plurality of
upper switching elements N3 and N2 are operating normally
on and ofl, and whether any of the upper switching elements
N3 and N2 1s short-circuited. When the upper switching,
clements N3 and N2 are operating normally on and off, both
the upper switching elements N3 and N2 are turned off.
Thus, the voltage VM at the common connection point Nm
becomes approximately equal to the boost voltage VBS of
the bootstrap circuit 15.

However, when the upper switching element N3 1s short-
circuited between the source and drain for some reason, the
voltage VM at the common connection point Nm changes so
as to be substantially equal to the power supply voltage VIN.
Theretfore, the voltage detection circuit 10 outputs, to the
control circuit 207, a detection result DETN3 indicating that
the boost voltage VBS of the bootstrap circuit 15 is changed
to the power supply voltage VIN by comparing the voltage
VM at the common connection point Nm with the threshold
value Vth3. As a result, the control circuit 207 can determine
that the upper switching element N3 1s short-circuited.

In particular, since the impedance when the upper switch-
ing element N3 or N2 1s short-circuited is set lower than the
impedance when the analog switch 212 1s electrically con-
ducted, the voltage VM at the common connection point Nm
changes significantly from the reference voltage VH to the
power supply voltage VIN. Therelore, the voltage detection
circuit 10 can easily detect a change 1n the voltage VM at the
common connection point Nm.

Further, as shown 1n the short-circuit determination period
114 1n FIG. 6, when the upper switching element N2 1is
short-circuited between the source and drain for some rea-
son, the voltage VM at the common connection point Nm 1s
changed to be equal to the power supply voltage VSW at the
intermediate node Nc¢ by the upper switching element P2.

At this time, since the lower switching element N1 1s 1n
on state, the voltage VSW of the mtermediate node Nc 1s
substantially grounded, and the voltage VM of the common
connection point Nm 1s also substantially grounded. There-
fore, the voltage detection circuit 11 outputs, to the control
circuit 207, the detection result DETN2 that indicates that
the boost voltage VBS of the bootstrap circuit 15 1s changed
to the ground voltage by comparing the voltage VM at the
common connection point Nm with the threshold value
Vthd. As a result, the control circuit 207 can determine that
the upper switching element N2 is short-circuited.

In particular, since the impedance at the time of short-
circuit of the upper switching element N3 or N2 1s set lower
than the impedance of the analog switch 212, the voltage
VM at the common connection point Nm 1s changed from
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the boost voltage VBS of the bootstrap circuit 15 to the
ground voltage. Thus, the voltage detection circuit 11 can

casily detect the change 1n the voltage VM at the common
connection point Nm.

When the control circuit 207 determines that the upper
switching element N3 or N2 is short-circuited, the control
circuit 7 applies an oflf-level to the gates of the upper
switching elements N3 and N2 and the lower switching
clement N1 to stop the drive of the upper switching elements
N3 and N2 and the lower switching element N1. As a result,
the overcurrent flowing inside the switching power supply
device 201, that 1s, the semiconductor integrated circuit
device 204 can be cut ofl, and safety can be maintained.

As described above, according to the short-circuit deter-
mination device A of the switching power supply device 201
of the present embodiment, 1n a state where the plurality of
upper switching elements N3 and N2 are driven off and the
lower switching element N1 1s driven on, the analog switch
212 i1s turned on. In this configuration, the boost voltage
VBS as the reference voltage 1s biased to the common
connection pomnt Nm of the plurality of upper switching
clements N3 and N2, and the short-circuit of the plurality of
upper switching elements N3 and N2 1s determined. As a
result, short-circuit of the upper switching element N3 or N2
can be easily detected.

Further, the reference potential line Nh2 1s used as the
upper drive power supply line of the drive power supply
applied to the upper drive circuit 208 that drives the control
terminals of the upper switching elements N3 and N2, and
the analog switch 212 1s connected between the common
connection point Nm and the drive power supply line.
Theretore, the reference voltage for short-circuit determina-
tion can be appropriately applied from the reference poten-
tial line Nh2.

According to the short-circuit determination device A of
the switching power supply device 201 according to the
second embodiment, even when the analog switch 212
biases the boost voltage VBS of the bootstrap circuit 15 to
the common connection point Nm, the boost voltage VBS
does not decrease due to the influence of the power con-
sumption of the voltage detection circuits 10 and 11 and the
upper drive circuit 8. Thus, the boost voltage VBS can be
stably maintained, and the short-circuit determination func-
tion can be eflectively utilized.

Third Embodiment

FIG. 7 shows an explanatory diagram of a third embodi-
ment. In the following description, the same parts as those
in the second embodiment will be designated by the same
reference numerals, description thereol will be omitted as
necessary, and parts different from those in the second
embodiment will be described. A semiconductor integrated
circuit device 304 constituting a switching power supply
device 301 includes an analog switch 312 instead of the
analog switch 212, and other configurations are the same as
those of the second embodiment.

As shown in FIG. 7, the analog switch 312 1s connected
between the common connection pomnt Nm and a drive
power supply line Ndd (corresponding to the reference
potential line, or the first drive power supply line), and 1s
controllable to on or off based on a control signal SW 1nput
from the control circuit 7. The drive power supply line Ndd
1s an upper drive power supply line of the drive power
supply applied to the lower drive circuit 9 that drives the
control terminal of the lower switching element N1. Since
the regulated power supply voltage VDD 1s supplied to the




US 11,342,837 B2

13

drive power supply line Ndd, the control circuit 7 can
maintain the voltage of the common connection point Nm on
the regulated power supply voltage VDD side by controlling
the analog switch 312 on.

In this case, when the upper switching element N3 1s
short-circuited between the drain and source, the voltage
detection circuit 10 outputs, to the control circuit 7, a
detection result DETN 3 indicating that the voltage VM at
the common connection point Nm 1s changed from the
regulated power supply Voltage VDD to the power supply
voltage VIN by comparing the voltage of the common
connection point Nm with the threshold voltage Vth3. As a
result, the control circuit 7 can determine that the upper
switching element N3 1s short-circuited.

Further, when the upper switching element N2 1s short-
circuited between the drain and source, the voltage detection
circuit 11 outputs, to the control circuit 7, the detection result
DETN2 indicating that the voltage VM at the common
connection point Nm 1s changed from the regulated power
supply voltage VDD to the ground voltage. As a result, the
control circuit 7 can determine that the upper switching
clement N2 1s short-circuited.

Also 1n the present embodiment, the same eflect as the
second embodiment 1s achieved. Further, since the regulated
power supply voltage VDD is used as the reference voltage,
short-circuit can be stably determined.

Fourth Embodiment

FIG. 8 shows an explanatory diagram of a fourth embodi-
ment. In the configuration shown m FIG. 1 of the first
embodiment, when the upper switching element P2 or P1 of
the switching power supply 1 1s short-circuited between the
source and drain for some reason, a high voltage exceeding
the withstand voltage characteristic may be applied to the
upper switching element P2 or the like. Assuming such a
situation, as shown in FIG. 8, 1t 1s desirable that the plurality
of upper switching elements P2 and P1 are driven by upper
drive circuits 8a and 8b, respectively. Each of the upper
drive circuits 8a and 8b operates by the power supply
voltage applied between the upper power supply line Nu and
the reference potential line Nh.

In this case, even when the upper switching element P2
cannot be driven due to failure 1n the upper drive circuit 8a
and the upper switching element P2 1s short-circuited
between the drain and source, the upper drive circuit 85
other than the upper drive circuit 8a can independently drive
the upper switch element P1 on and off.

As a result, the control circuit 7 can drive the upper
switching element P1 off by the upper drive circuit 8. For
example, even when a high power supply voltage VIN
continues to be applied from the voltage source 2 to the
switching power supply device 1, the electrical conduction
to the lower switching element N1, the load 3, and the like
can be immediately cut off, and heat generation can be
reduced.

Fifth Embodiment

FIG. 9 shows an explanatory diagram of a fifth embodi-
ment. In the configuration shown 1n FIG. 4 of the second
embodiment, when the upper switching element N3 or N2 of
the switching power supply device 201 is short-circuited
between the source and drain for some reason, a high voltage
exceeding the withstand voltage characteristic may be
applied to the upper switching element N3 or N2. Assuming
such a situation, as shown 1n FIG. 9, 1t 1s desirable that the
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plurality of upper switching elements N3 and N2 are driven
by upper drive circuits 208a and 208b, respectively.

In this case, even when the upper switching element N3
cannot be driven due to failure i the upper drive circuit
208a and the upper switching element N3 1s short-circuited
between the drain and source, the upper drive circuit 20856
other than the upper drive circuit 208a can independently
drive the upper switch element N2 on and off.

As a result, the control circuit 7 can drive the upper
switching element N2 off by the upper drive circuit 208b.
For example, even when a high power supply voltage VIN
continues to be applied from the voltage source 2 to the
switching power supply device 201, the electrical conduc-
tion to the lower switching element N1, the load 3, and the
like can be immediately cut off, and heat generation can be
reduced.

Other Embodiments

The present disclosure 1s not limited to the configuration
example of the above-described embodiments, and various
modifications or extensions are possible. Further, for
example, 1t 1s also possible to apply the configurations of the
above-described embodiments 1n combination.

Each of the lower switching element N1, the upper
switching elements N2 and N3 can be applied to any of
various N-type semiconductor switch such as a N-channel
MOSFET, a NPN-type bipolar transistor, and an IGBT
(1nsulated gate bipolar transistor). Each of the upper switch-
ing clements P1 and P2 can be applied to any of various
P-type semiconductor switch such as a P-channel MOSFET
and a PNP-type bipolar transistor. In the semiconductor
integrated circuit device 4, each upper switching element P1,
P2, N3, N2 may be provided externally and connected as an
external element.

When applied to MOSFETs, the electrical conduction
terminal corresponds to a drain and a source, and the control
terminal corresponds to a gate. When applied to a bipolar
transistor, the electrical conduction terminal corresponds to
a collector and an emitter, and the control terminal corre-
sponds to a base. When applied to an IGBT, the electrical
conduction terminal corresponds to a collector and an emiut-
ter, and the control terminal corresponds to a gate.

Although the embodiments applied to the step-down type
switching power supply device 1, 201, and 301 have been
described, the step-up type switching power supply device
may be applied.

Although the embodiments in which the impedance when
the analog switch 12, 212, or 312 1s electrically conducted
1s set to be larger than the impedance when the upper
switching element P1, P2, N3, or N2 1s short-circuited have
been described, the present disclosure 1s not limited to the
configuration above. For example, the impedance when the
analog switch 12, 212, or 312 1s electrically conducted may
be set to be equal to or lower than the impedance when the
upper switching element P1, P2, N3, or N2 1s short-
circuited.

In addition, the reference numerals 1 parentheses
described 1n the claims simply indicate correspondence to
the concrete means described in the embodiments, which 1s
an example of the present disclosure. That 1s, the technical
scope of the present mvention 1s not necessarily limited
thereto. A part of the above-described embodiment may be
dispensed/dropped as long as the problem 1dentified in the
background 1s resolvable. In addition, various modifications
from the present disclosure 1n the claims are considered also
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as an embodiment thereol as long as such modification
pertains to the gist of the present disclosure.

Although the present disclosure 1s described based on the
above embodiments, the present disclosure 1s not limited to
the disclosure of the embodiment and the structure. The
present disclosure encompasses various modifications and
variations within the scope of equivalents. In addition,
various modes/combinations, one or more elements added/
subtracted thereto/therefrom, may also be considered as the
present disclosure and understood as the technical thought
thereof.

What 1s claimed 1s:

1. A short-circuit determination device provided in a
switching power supply device configured to convert a
power supply voltage applied between an upper power
supply line and a lower power supply line and output the
power supply voltage to a load through an intermediate
node, wherein

the switching power supply device includes

a plurality of upper switching elements each having an
electrical conduction terminal and a control terminal,
the electrical conduction terminals connected in
series between the upper power supply line and the
intermediate node, and the control terminals driven
at a same level as each other, and

a lower switching element having an electrical conduc-
tion terminal connected between the lower power
supply line and the intermediate node, and the lower
switching element and the plurality of upper switch-
ing elements being connected 1n series,

the short-circuit determination device comprising:

an analog switch connected between a common connec-

tion point (Nm) to which the electrical conduction
terminals of the plurality of upper switching elements
are commonly connected and a reference potential line
having a reference voltage different from a voltage at
the upper power supply line and a voltage at the lower
power supply line; and

a short-circuit determination circuit configured to deter-

mine a short-circuit of each of the plurality of upper
switching elements based on a detection of a potential
at the common connection point by biasing the refer-
ence voltage to the common connection point by turn-
ing on the analog switch 1n a state where the plurality
of upper switching elements are turned off and the
lower switching element 1s turned on.

2. The short-circuit determination device according to
claim 1, wherein:

cach of the plurality of upper switching elements 1s

provided by an N-type semiconductor switch;
the lower switching element includes a control terminal;
the switching power supply device includes a drive circuit

that drives the lower switching element through the
control terminal of the lower switching element;

the reference potential line 1s provided as a first drive

power supply line that supplies a drive power supply to

the drive circuit; and

the analog switch 1s connected between the common

connection point and the first drive power supply line.

3. The short-circuit determination device according to
claim 1, wherein:

cach of the plurality of upper switching elements 1s

provided by an N-type semiconductor switch;

the switching power supply device includes a drive circuit

that drives the plurality of upper switching elements

through the control terminals;
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the reference potential line 1s provided as a second drive
power supply line that supplies a drive power supply to
the drive circuit; and

the analog switch 1s connected between the common
connection point and the second drive power supply
line.

4. The short-circuit determination device according to

claim 1, wherein:

cach of the plurality of upper switching eclements 1s
provided by a P-type semiconductor switch;

the switching power supply device includes a drive circuit
that drives the plurality of upper switching elements
through the control terminals;

the reference potential line 1s provided as a third drive power
supply line that supplies a drive power supply to the dnive
circuit; and

the analog switch 1s connected between the common
connection point and the third drive power supply line.

5. The short-circuit determination device according to

claim 1, wherein:

the switching power supply device includes a plurality of
upper drive circuits that respectively drive the plurality
of upper switching elements.

6. The short-circuit determination device according to

claim 1, wherein:

impedance of the analog switch that 1s turned on 1s greater
than impedance of the upper switching element when
the electrical conduction terminal 1s short-circuited.

7. The short-circuit determination device according to

claim 1, wherein:

the switching power supply device i1s a step-down type.

8. A switching power supply device comprising:

an upper power supply line and a lower power supply line,
a power supply voltage being applied between the
upper power supply line and the lower power supply
line:

an intermediate node connected to a load;

a plurality of upper switching elements each having an
electrical conduction terminal and a control terminal,
the electrical conduction terminals connected in series
between the upper power supply line and the interme-
diate node, the control terminals driven at a same level
as each other, and the plurality of upper switching
clements configured to convert the power supply volt-
age;

a lower switching element having an electrical conduction
terminal connected between the lower power supply
line and the intermediate node, and the lower switching
clement and the plurality of upper switching elements
being connected 1n series;

an analog switch connected between a common connec-
tion point to which the electrical conduction terminals
of the plurality of upper switching elements are com-
monly connected and a reference potential line having
a reference voltage different from a voltage at the upper
power supply line and a voltage at the lower power
supply line; and

a short-circuit determination circuit configured to deter-
mine a short-circuit of each of the plurality of upper
switching elements based on a detection of a potential
at the common connection point by biasing the refer-
ence voltage to the common connection point by turn-
ing on the analog switch 1n a state where the plurality
of upper switching clements are turned off and the
lower switching element 1s turned on.
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